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Introduction
At the university level, many mathematics and statistics courses use “word problems” in assessments, and these problems are typically framed in some way. Previous research shows framing
effects how people answer questions [1, 2, 3]. If the framing of exam questions impacts student
performance or the time required to complete the exam, faculty may want to consider this when
designing exams. We wish to expand upon the previously mentioned papers and focus on how the
framing of higher-level mathematics problems effects university students.
The standard in framing research is the "Asian disease scenario" first established in The Framing
of Decisions and the Psychology of Choice [4]. The questions in the "Asian disease scenario" focus
on basic algebra that either place lives or money at stake. This scenario has been used to study
how sequential frames effect the general public [1, 2] and also on whether mathematical competence
affects how subjects respond [3]. An example of a question that is similar in math-level to the
"Asian disease scenario" is shown in Table 1, where an algebra word problem is framed in both
positive and negative terms.
Positively
Framed
Negatively
Framed

Sarah has 10 ripe apples, and she gives all of them away.
How many apples does she have now?
Sarah has 10 rotten apples, and throws all of them away.
How many apples does she have now?

Table 1: Comparison of positively and negatively framed questions, with differences italicized
The paper is structured as follows. The first section describes the design and analysis performed
on the first exam. The second section describes the design and analysis performed on the second
exam. Lastly, conclusions and descriptions of future work are provided.

Exam 1 - Not for Credit
Design
The first exam was composed of four questions. The questions were a mix of calculus and statistics
questions from material covered earlier in the term or in a prerequisite course. One of the statistics
questions given as part of the exam is shown below, with differences between the framed groups
shown in italics. The full list of questions are provided in Appendices A, B and C.

Positively Framed:
The district manager has set criteria for stores to average more than 475 in total sales
per customer over the course of a year. If there is evidence stores meet this criteria,
then the store manager will be promoted.
The store manager would like to establish there is evidence that her store has met the
district manager’s criteria during the past year. State the parameter of interest for this
study and the null and alternative hypothesis which capture the goal.
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Negatively Framed:
The district manager has set criteria for stores to average more than 475 in total sales
per customer over the course of a year. If there is evidence stores meet this criteria,
then the store manager will not be fired.
The store manager would like to establish there is evidence that her store has met the
district manager’s criteria during the past year. State the parameter of interest for this
study and the null and alternative hypothesis which capture the goal.
We assigned students from two sections of an introductory statistics course randomly to one of
three groups: negative, positive or mixed. The mixed group was given a selection of both positively
framed and negatively framed questions. Table 2 displays the number of students in each group at
each stage of data collection. Participation was voluntary as this “exam” was not given for credit.
As a result, a few students did not participate in any capacity, as shown by the difference between
the Initial row and the Attempted row in Table 2. The Attempted row displays the number of
students in each group who attempted at least some portion of the exam.

Initial
Attempted
Completed

# of Negative
17
16
11

# of Positive
17
12
5

# of Mixed
17
15
10

Table 2: Number of Students in each group at each stage of data collection
The exam for each student was graded using a strict rubric; the student’s score (out of a total of
40 points) was recorded. We also recorded the time required for the student to complete the exam.
Additionally, we recorded sex, major of study, and mood, using the "Pick-A-Mood" Graphic [5]
displayed in Appendix D. We received IRB approval for all our work and students participating in
the exam gave informed consent.

Results & Discussion
We excluded any results where the student failed to answer all questions on the exam because
without having attempted to answer all questions there is no clear way to compare their results with
students who did complete the exam. Violin plots were made in order to explore the data before
tests were performed. A violin plot is similar to a box plot but additionally shows the probability
density of the data at different values. Figure 1 displays the distribution of the students’ grades
in each group (mixed, negative, and positive). Figure 2 displays the distribution of the time taken
to complete the exam by the students in each group (mixed, negative, and positive). A jitter plot
is overlaid over each violin plot to display the exact data points that comprise each group. From
these plots we see a slight difference between negative and positive groups in both time and grade.
However, these plots provide only a preliminary look at the data.
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Figure 1: Violin plot that displays the effect of exam framing on the grade of students on the
exams, not for credit

Figure 2: Violin plot that displays the effect of exam framing on the time taken for students to
complete the exam, not for credit
Figure 3 displays the Kaplan-Meier estimate of the survival curve for each framing group
(mixed, negative, and positive). This survival curve displays the probability that a student has
not completed the exam as time progresses. A vertical drop in the survival curve indicates when a
student has completed the exam. We performed a non-parametric bootstrap with 10,000 replicates
to estimate the median time taken on the exam and the median exam grade for each group with 95%
confidence. The accelerated bias-corrected percentile limits (BCA) method was used in computing
the 95% confidence intervals displayed in Table 3. It should be noted that with a small sample
size (n < 20), most methods of bootstrap perform poorly [6].
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Figure 3: Survival curves of each exam group, not for credit
In order to formally compare the three groups, we performed a permutation test. Our test
statistic was the the standard deviation of the median response across the three groups:
v
u 3
u1 X
∗
¯2
(x̃j − x̃)
T =t
2 j=1
¯ is the average of the medians across the three
where x̃j is the median for the j-th group and x̃
groups. To perform the permutation test, the exam group was randomly permuted in the data
1000 times. For each permuted data set, the above test statistic was computed. The p-value was
then obtained by finding the proportion of the 1000 permuted data sets for which the test statistic
was at least as large as that for the original sample. For the exam grade, this resulted in a p-value
of 0.071 found in Table 3. For exam time, this resulted in a p-value of 0.139. We have no evidence
of grade or time taken to complete the exam differing across the different framed exams.

Time
Grade

Negative C.I.
(8, 11)
(27, 32)

Positive C.I.
(12, 13)
(34, 40)

Mixed C.I.
(9.5, 12.5)
(22,36)

P-Value
0.139
0.071

Table 3: 95% Confidence Intervals for the median time and grade; p-values are for determining if
there is a difference in at least one of the medians across the three groups, Not for Credit Exam

Exam 2 - For Credit
Design
We concluded that the size of each group was too small and students may perform differently if the
exam counted towards their grade. So, we decided to drop the mixed group because of our small
sample sizes and to make this exam count for in-class credit. This exam was comprised of statistics
only material and given as part of an introductory statistics course. The full list of questions are
provided in Appendices E and F.While students were required to take the exam, they were given
the option of withholding their results from the study. This time we the total possible grade was
20 points. Twenty-one students were assigned to both the positively framed and negatively framed
group. No students opted out of the study. We received IRB approval for all our work and students
participating in the exam gave informed consent.
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Results
The violin plots in Figure 4 and Figure 5 reveal that both groups performed similarly. The raw
responses are overlaid on the plot; points highlighted in blue represent students who were given
extended time on the exam as part of institute-approved accommodations. A sensitivity analysis
was conducted in which these students were excluded; the results were similar. Analyses presented
here include these students. The survival curves in Figure 6 appear very similar between the two
experimental groups.

Figure 4: Violin plot that displays the effect of exam framing on the time taken for students to
complete the exam, for credit

Figure 5: Violin plot that displays the effect of exam framing on the grade of students on the
exams, for credit
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Figure 6: Survival curves of each exam group, for credit
After performing the same analysis as described in the Exam 1 results section, we found the
results displayed in Table 4. For the exam grade, this resulted in a p-value of 1. For exam time,
this resulted in a p-value of 0.174. We have no evidence of grade or time taken to complete the
exam differing across the different framed exams.

Time
Grade

Negative C.I.
(18, 24)
(16.19, 17.14)

Positive C.I.
(20.5, 26.0)
(15.24, 16.19)

P-Value
0.174
1

Table 4: 95% Confidence Intervals and P-Values, for credit

Conclusions and Future Work
Our results showed that in both for-credit and not-for-credit exams there was not a significant
difference between the medians of the positively framed, negatively framed and mixed framed
groups (where applicable). Our results do not suggest any impact on student performance as a
result of how exam questions are framed. Limitations of our two exams are that we had relatively
small sample sizes. If we were to do this study again we would hope to do it over a broader number
of students. Secondly, Rose-Hulman provides a unique pool of students. All students are enrolled in
science, technology, engineering or mathematics programs. The lowest mathematics course offered
is calculus. As a result, these students are mathematically inclined, which may mean our results
do not generalize to a broader range of university students. In the future, we could run a similar
study in additional universities.
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Appendix A: Exam 1, Positively Framed

1.The function f (t) = 47 − 30 * ln(1 + t) , 0 ≤ t ≤ 3 represents the number of units of a
medicine remaining in a subjects body after t hours of being administered.
a) What was the initial amount of medicine administered?
b) When there is 7 units of the medicine left in the subjects body then the pain is relieved.
At what time t is this?

2. A person purchases a home for $230, 000 . Appreciation of the home's value can be modeled
by the function, f (t) = 230, 000 * (1 + .02 * t) , where f (t) is the value of the home and t is the
number of years that the family owns the home. Find the instantaneous rate of change in the
home's value t at the start of the 5th year of owning the home.

3.The district manager has set criteria for stores to average more than 475 in total sales per
customer over the course of a year. If there is evidence stores meet this criteria, then the store
manager will be promoted.
a) The store manager would like to establish there is evidence that her store has met the
district manager’s criteria during the past year. State the parameter of interest for this
study and the null and alternative hypothesis which capture the goal.

b) Given the table of results above, Does the store manager have evidence that she
deserves to be promoted? Explain, citing the p-value provided.

4.Water fluoridation is the addition of the chemical fluoride to public water supplies, for the
purpose of reducing cavities. An article in the Arizona Republic reported fluoride concentrations
in parts per billion (ppb) for various public water supplies in Arizona. This included 10 locations
in metropolitan Phoenix and 10 locations in rural Arizona.
Suppose the 10 locations were chosen from each region to represent all supplies in each
region. Interest is in determining if the average fluoride concentration differs between the two
regions. Specifically, they are interested in testing the following hypotheses:
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where
and
are the average fluoride concentrations for metropolitan Phoenix and rural
Arizona locations, respectively.
a) Is it reasonable to assume that this data is consistent with the assumption that the errors
are independent of one another, given the graphic below?

b) Is it reasonable to assume that this data is consistent with the assumption that the errors
have the same variability within each group, given the graphic below?

c) Is it reasonable to assume that this data is consistent with the assumption that the errors
follow a Normal distribution, given the graphic below?
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d) Is there evidence to suggest the fluoride concentration, on average, differs between the two
regions? Explain using the results provided below.
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Appendix B: Exam 1, Negatively Framed

1.The function f (t) = 47 − 30 * ln(1 + t) , 0 ≤ t ≤ 3 represents the number of units of a poison
remaining in a subjects body after t hours of being administered.
a) What was the initial amount of poison administered?
b) When there is 7 units of the poison left in the subjects body then the subject dies. At
what time t is this?

2. A person purchases a home for $230, 000 . Depreciation of the home's value can be modeled
by the function, f (t) = 230, 000 * (1 − .02 * t) , where f (t) is the value of the home and t is the
number of years that the family owns the home. Find the instantaneous rate of change in the
home's value t at the start of the 5th year of owning the home.

3.The district manager has set criteria for stores to average more than 475 in total sales per
customer over the course of a year. If there is evidence stores meet this criteria, then the store
manager will be not be fired.
a) The store manager would like to establish there is evidence that her store has met the
district manager’s criteria during the past year. State the parameter of interest for this
study and the null and alternative hypothesis which capture the goal.

b) Given the table of results above, Does the store manager have evidence that she will
keep her job? Explain, citing the p-value provided.

4.Arsenic concentrations in public drinking water supplies is a potential health risk.. An article in
the Arizona Republic reported arsenic concentrations in parts per billion (ppb) for various public
water supplies in Arizona. This included 10 locations in metropolitan Phoenix and 10 locations in
rural Arizona.
Suppose the 10 locations were chosen from each region to represent all supplies in each
region. Interest is in determining if the average arsenic concentration differs between the two
regions. Specifically, they are interested in testing the following hypotheses:
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where
and
are the average arsenic concentrations for metropolitan Phoenix and rural
Arizona locations, respectively.
a) Is it reasonable to assume that this data is consistent with the assumption that the errors
are independent of one another, given the graphic below?

b) Is it reasonable to assume that this data is consistent with the assumption that the errors
have the same variability within each group, given the graphic below?

c) Is it reasonable to assume that this data is consistent with the assumption that the errors
follow a Normal distribution, given the graphic below?
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d) Is there evidence to suggest the arsenic concentration, on average, differs between the two
regions? Explain using the results provided below.
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Appendix C: Exam 1, Mixed Framed

1.The function f (t) = 47 − 30 * ln(1 + t) , 0 ≤ t ≤ 3 represents the number of units of a poison
remaining in a subjects body after t hours of being administered.
a) What was the initial amount of poison administered?
b) When there is 7 units of the poison left in the subjects body then the subject dies. At
what time t is this?

2. A person purchases a home for $230, 000 . Appreciation of the home's value can be modeled
by the function, f (t) = 230, 000 * (1 + .02 * t) , where f (t) is the value of the home and t is the
number of years that the family owns the home. Find the instantaneous rate of change in the
home's value t at the start of the 5th year of owning the home.

3.The district manager has set criteria for stores to average more than 475 in total sales per
customer over the course of a year. If there is evidence stores meet this criteria, then the store
manager will be promoted.
a) The store manager would like to establish there is evidence that her store has met the
district manager’s criteria during the past year. State the parameter of interest for this
study and the null and alternative hypothesis which capture the goal.

b) Given the table of results above, Does the store manager have evidence that she
deserves to be promoted? Explain, citing the p-value provided.

4.Arsenic concentrations in public drinking water supplies is a potential health risk.. An article in
the Arizona Republic reported arsenic concentrations in parts per billion (ppb) for various public
water supplies in Arizona. This included 10 locations in metropolitan Phoenix and 10 locations in
rural Arizona.
Suppose the 10 locations were chosen from each region to represent all supplies in each
region. Interest is in determining if the average arsenic concentration differs between the two
regions. Specifically, they are interested in testing the following hypotheses:
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where
and
are the average arsenic concentrations for metropolitan Phoenix and rural
Arizona locations, respectively.
a) Is it reasonable to assume that this data is consistent with the assumption that the errors
are independent of one another, given the graphic below?

b) Is it reasonable to assume that this data is consistent with the assumption that the errors
have the same variability within each group, given the graphic below?

c) Is it reasonable to assume that this data is consistent with the assumption that the errors
follow a Normal distribution, given the graphic below?
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d) Is there evidence to suggest the arsenic concentration, on average, differs between the two
regions? Explain using the results provided below.
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Appendix D: Pick-A-Mood [5]
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Exam: Regression Models (Positive)

Appendix E: Exam 2, Positively Framed
Engineering Statistics I (MA223)

Background
Mary Poppins is a Nanny who dispenses wisdom with a bit of magic. Perhaps one of her best known anecdotes is that “a
spoonful of sugar helps the medicine go down.” She continues: “In every job that must be done there is an element of fun.
You find the fun and snap! The job’s a game. And ever task you undertake becomes a piece of cake.” Not everyone agrees
with her (chief among them, Miss Andrews, a nanny with opposite beliefs).
Mary Poppins would like to collect some data to support her statement. She considers a random sample of 25 children. She
gives each child a dose of sugary goodness and then asks each to tidy their nursery. She records both the dose (milligrams)
given and time required for the child to tidy the nursery (minutes). She is interested in determining if there is evidence that
the amount of time required to tidy the nursery decreases, on average, as the dose given increases.
A graphic summarizing some of the data collected is shown below.

Mary assumed the following model for the time required to tidy the nursery:
\[(\text{Time Required to Tidy Nursery})_i = \beta_0 + \beta_1 (\text{Dose of Sugary Goodness})_i + \varepsilon_i\]
The results of fitting the above regression model are given below:
Term

Estimate

Standard Error

95% lower

95% upper

(Intercept)

69.79

2.82

64.03

74.97

Dose of Sugary Goodness

-0.12

0.01

-0.14

-0.10

Question: Correlation
Which of the following statements is definitely true?
The correlation coefficient relating the time required to tidy the nursery and the dose of sugary goodness is negative.
The correlation coefficient relating the time required to tidy the nursery and the dose of sugary goodness is 0.
The correlation coefficient relating the time required to tidy the nursery and the dose of sugary goodness is positive.
It is impossible to make a statement regarding the correlation coefficient without further information.
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SOLUTION:
A. The sign of the correlation coefficient determines the direction of the relationship. Therefore, it is the same sign as
the slope. Since the slope is positive, the correlation must also be positive.

Question: Interpretation
Consider the value -0.12 found in the summary of the regression analysis above. What is the proper interpretation of this
value? You may assume the data is consistent with all conditions required for the classical regression model.
For each additional mg of sugary goodness given, the time required to tidy the nursery tends to decrease by 0.12
minutes on average.
For each additional minute required to tidy the nursery, the dose of sugary goodness tends to decrease by 0.12 mg on
average.
Children who are not given the sugary goodness take 0.12 minutes to tidy the nursery on average.
Children who do not tidy the nursery require 0.12 mg of sugary goodness on average.
SOLUTION:
A. The slope is the change in the response (time required to tidy the nursery), on average, when the predictor (dose)
increases by an additional unit (mg).

Question: Conclusion
Assuming the data is consistent with all conditions required for the classical regression model, which of the following
conclusions is appropriate?
There is evidence that a higher dose of sugary goodness is not linearlity associated with taking additional time to tidy
the nursery.
There is no evidence that a higher dose of sugary goodness is linearly associated with taking additional time to tidy
the nursery.
There is evidence that a higher dose of sugary goodness is linearly associated with less time required to tidy the
nursery.
There is evidence that a higher dose of sugary goodness is linearly associated with more time required to tidy the
nursery.
SOLUTION:
C. In order to determine if there is a linear association between two variables, we must test whether the slope differs
from 0. Since the confidence interval for the slope (-0.14, -0.10) does not include 0, we know that the data is not
consistent with the slope being 0. Therefore, we have evidence that the slope differs from 0.
Further, since the confidence interval only contains negative values, we have evidence that as the dose increases, the
time required to tidy the nursery decreases, on average.

Question: Conditions
In order to interpret the results appropriately, the data must be consistent with certain conditions. Which of the following
is not a condition imposed in the classical regression model?
The error in the time required to tidy the nursery for one child is independent of the error in the time required to tidy
the nursery for all other children.
The error in the time required to tidy the nursery is 0, on average.
The error in the time required to tidy the nursery follows a Normal distribution.
The variability of the error in the time required to tidy the nursery is the same regardless of the dose of sugary
goodness given.
SOLUTION:

19

B. The classical regression model makes four conditions on the error term:
The errors have mean 0 for all values of the predictor.
The error for one observation is independent of the errors for all other observations.
The variability in the error is the same for all values of the predictor.
The errors follow a Normal distribution.
While we make conditions on the error term, they translate over to the response; think about the picture in which we
get a “Normal” tunnel looking up the true relationship of the line. The big idea there is that the conditions are
conditional; that is, they are for all values of the predictor. So, the second in the above list should be that the “error in
the time required to tidy the nursery is 0, on average, regardless of the dose.” We need to say it is true for all values of
the predictor.

Question: Extrapolation
In the context of this problem, explain why it would be dangerous to use the regression model to estimate the average
length of time required for a child to tidy the nursery if they are given 1000 milligrams of sugary goodness.
SOLUTION:
This would be extrapolation as the largest dose does not exceed 1000 mg. This is dangerous because it is not practical
that the nursery would be cleaned instantly. Outside the range of the data collected, the linear model may no longer be
appropriate; it is reasonable that there is a lower bound on how long it takes a child to tidy the nursery.

Question: Exact Prediction
Mr. Banks, who knows Mary Poppins well, examines her data. Looking at the results, he states that “the longest a child
could ever tidy the nursery is 69.79 minutes — the length of time required by a child given 0 mg of sugary goodness.” Why
is this statement incorrect?
SOLUTION:
A regression model estimates the trend in the data — the response on average. Therefore, the model only estimates the
average time required to tidy the nursery for a specified dose. Even if the average time is 69.79 minutes, there will
certainly be children who require more time.

Question: Estimates vs. Parameters
Mr. Banks examines the results of her analysis and states that “Mary has used the data to solve for the values of \
(\beta_0\) and \(\beta_1\) from her model and those values are provided in the above table.” Explain why this statement
is incorrect.
SOLUTION:
The values \(\beta_0\) and \(\beta_1\) are parameters which govern the relationship between the two variables
within the population. We will never be able to know these values or solve for them. The least squares estimates are
just that — estimates of the parameters. If we were to collect a different sample, our estimates would change. A best-fit
line is an estimate of the underlying relationship.
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Exam: Regression Models (Negative)

Appendix F: Exam 2, Negatively Framed
Engineering Statistics I (MA223)

Background
Miss Andrews is a Nanny who dispenses discipline with a bit of fear. Perhaps one of her best known anecdotes is that
“brimstone and treacle and carbolic soap, these are the tools of my trade.” She continues: “With spoonfulls of sugar you
don’t have a hope of seeing that changes are made. First threaten to throttle then uncork the bottle; brimstone and treacle
will work.” Not everyone agrees with her (chief among them, Mary Poppins, a nanny with opposite beliefs).
Miss Andrews would like to collect some data to support her statement. She considers a random sample of 25 children. She
gives each child a dose of brimstone and treacle and then asks each to tidy their nursery. She records both the dose
(milligrams) given and time required for the child to tidy the nursery (minutes). She is interested in determining if there is
evidence that the amount of time required to tidy the nursery decreases, on average, as the dose given increases.
A graphic summarizing some of the data collected is shown below.

Mary assumed the following model for the time required to tidy the nursery:
\[(\text{Time Required to Tidy Nursery})_i = \beta_0 + \beta_1 (\text{Dose of Brimstone and Treacle})_i +
\varepsilon_i\]
The results of fitting the above regression model are given below:
Term

Estimate

Standard Error

95% lower

95% upper

(Intercept)

69.79

2.82

64.03

74.97

Dose of Brimstone and Treacle

-0.12

0.01

-0.14

-0.10

Question: Correlation
Which of the following statements is definitely true?
The correlation coefficient relating the time required to tidy the nursery and the dose of brimstone and treacle is
negative.
The correlation coefficient relating the time required to tidy the nursery and the dose of brimstone and treacle is 0.
The correlation coefficient relating the time required to tidy the nursery and the dose of brimstone and treacle is
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positive.
It is impossible to make a statement regarding the correlation coefficient without further information.
SOLUTION:
A. The sign of the correlation coefficient determines the direction of the relationship. Therefore, it is the same sign as
the slope. Since the slope is positive, the correlation must also be positive.

Question: Interpretation
Consider the value -0.12 found in the summary of the regression analysis above. What is the proper interpretation of this
value? You may assume the data is consistent with all conditions required for the classical regression model.
For each additional mg of brimstone and treacle given, the time required to tidy the nursery tends to decrease by 0.12
minutes on average.
For each additional minute required to tidy the nursery, the dose of brimstone and treacle tends to decrease by 0.12
mg on average.
Children who are not given the brimstone and treacle take 0.12 minutes to tidy the nursery on average.
Children who do not tidy the nursery require 0.12 mg of brimstone and treacle on average.
SOLUTION:
A. The slope is the change in the response (time required to tidy the nursery), on average, when the predictor (dose)
increases by an additional unit (mg).

Question: Conclusion
Assuming the data is consistent with all conditions required for the classical regression model, which of the following
conclusions is appropriate?
There is evidence that a higher dose of brimstone and treacle is not linearlity associated with taking additional time
to tidy the nursery.
There is no evidence that a higher dose of brimstone and treacle is linearly associated with taking additional time to
tidy the nursery.
There is evidence that a higher dose of brimstone and treacle is linearly associated with less time required to tidy the
nursery.
There is evidence that a higher dose of brimstone and treacle is linearly associated with more time required to tidy
the nursery.
SOLUTION:
C. In order to determine if there is a linear association between two variables, we must test whether the slope differs
from 0. Since the confidence interval for the slope (-0.14, -0.10) does not include 0, we know that the data is not
consistent with the slope being 0. Therefore, we have evidence that the slope differs from 0.
Further, since the confidence interval only contains negative values, we have evidence that as the dose increases, the
time required to tidy the nursery decreases, on average.

Question: Conditions
In order to interpret the results appropriately, the data must be consistent with certain conditions. Which of the following
is not a condition imposed in the classical regression model?
The error in the time required to tidy the nursery for one child is independent of the error in the time required to tidy
the nursery for all other children.
The error in the time required to tidy the nursery is 0, on average.
The error in the time required to tidy the nursery follows a Normal distribution.
The variability of the error in the time required to tidy the nursery is the same regardless of the dose of brimstone and
treacle given.
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SOLUTION:
B. The classical regression model makes four conditions on the error term:
The errors have mean 0 for all values of the predictor.
The error for one observation is independent of the errors for all other observations.
The variability in the error is the same for all values of the predictor.
The errors follow a Normal distribution.
While we make conditions on the error term, they translate over to the response; think about the picture in which we
get a “Normal” tunnel looking up the true relationship of the line. The big idea there is that the conditions are
conditional; that is, they are for all values of the predictor. So, the second in the above list should be that the “error in
the time required to tidy the nursery is 0, on average, regardless of the dose.” We need to say it is true for all values of
the predictor.

Question: Extrapolation
In the context of this problem, explain why it would be dangerous to use the regression model to estimate the average
length of time required for a child to tidy the nursery if they are given 1000 milligrams of brimstone and treacle.
SOLUTION:
This would be extrapolation as the largest dose does not exceed 1000 mg. This is dangerous because it is not practical
that the nursery would be cleaned instantly. Outside the range of the data collected, the linear model may no longer be
appropriate; it is reasonable that there is a lower bound on how long it takes a child to tidy the nursery.

Question: Exact Prediction
Mr. Banks, who knows Miss Andrews well, examines her data. Looking at the results, he states that “the longest a child
could ever tidy the nursery is 69.79 minutes — the length of time required by a child given 0 mg of brimstone and treacle.”
Why is this statement incorrect?
SOLUTION:
A regression model estimates the trend in the data — the response on average. Therefore, the model only estimates the
average time required to tidy the nursery for a specified dose. Even if the average time is 69.79 minutes, there will
certainly be children who require more time.

Question: Estimates vs. Parameters
Mr. Banks examines the results of her analysis and states that “Miss Andrews has used the data to solve for the values of \
(\beta_0\) and \(\beta_1\) from her model and those values are provided in the above table.” Explain why this statement
is incorrect.
SOLUTION:
The values \(\beta_0\) and \(\beta_1\) are parameters which govern the relationship between the two variables
within the population. We will never be able to know these values or solve for them. The least squares estimates are
just that — estimates of the parameters. If we were to collect a different sample, our estimates would change. A best-fit
line is an estimate of the underlying relationship.
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